
Using CD4 Counts to Evaluate the
Stages and Epidemiology of
HIV Infection in South Carolina
Public Clinic Patients
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Introduction
Several cohort studies demonstrated

that CD4 lymphocyte counts decrease
with the duration of human immunodefi-
ciency virus (HIV) infection.'-7 This
decrease tends to be linear8 and predicts
opportunistic infection and progression
to the acquired immunodeficiency syn-
drome (AIDS).2-9 Thus, measuring the
CD4 lymphocyte count of HIV-infected
persons helps characterize the HIV/
AIDS epidemic by staging HIV infection
in a population. Indeed, CD4 counts
could supplement HIV surveillance by
characterizing groups with advanced
HIV disease in need of drug therapy as
well as identifying those persons most
recently infected to evaluate changing
demographics and risk groups for HIV
transmission.

However, previous studies of CD4
counts in HIV-infected persons have
been from restricted populations, includ-
ing cohorts of homosexual men,1,3,6,10,11
hemophiliacs,2"12 attendees at two sexu-
ally transmitted disease clinics,'3 and
members of the US Army,14 which is
91% male and attempts to exclude
persons who are homosexual, intrave-
nous drug users, or HIV infected.

In March 1989, the South Carolina
Department of Health and Environmen-
tal Control began offering CD4 lympho-
cyte testing free of charge at 81 clinics
statewide to all HIV-infected persons
reported to the health department.
South Carolina law requires that all
physicians, hospitals, and laboratories
licensed by the state report persons with
HIV infection to the Department of
Health and Environmental Control.

Clinic nurses use these CD4 counts
to identify persons who are late in the
course of their HIV disease and there-
fore need immediate medical services.

Persons with CD4 counts of <500 who
are indigent qualify for Medicaid and
are eligible to receive zidovudine through
the federal drug reimbursement pro-
gram. Persons with CD4 counts of < 200
receive urgent medical referral to re-
ceive zidovudine and prophylaxis against
Pneumocystis carinii pneumonia.

For this study, we retrospectively
reviewed the CD4 lymphocyte counts of
newly identified HIV-infected persons in
the first 15 months of the South Carolina
CD4 testing program. Our objectives
were to determine the percentage and
characteristics of HIV-infected persons
who might benefit from drug therapy
and to characterize the population of
most recently infected persons.

Methods
Patients

We selected patients newly re-
ported to the state's HIV registry April
1989 through June 1990 whose CD4
T-lymphocyte count was measured in the
90 days after their first positive HIV
serology test. Hence, CD4 tests were
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TABLE 1-Rates of CD4 Testing of HIV-Infected State Clinic Patients, South
Carolina, April 1989 through September 1990

No. (%) CD4 Relative
Total Tested Rate 95% Cl P

Sex
Female 223 126 (57) 1.1 1.0,1.3 .11
Male 589 294 (50)

Location
Rural 490 259 (53) 1.1 0.9,1.2 .47
Urban 322 161 (50)

Racea
Whike 186 121 (65) 1.4 1.2,1.6 <.001
Black 618 296 (48)

HIV risk factor
None reported 61 18 (30) 0.6 0.4, 0.8 <.001
Heterosexual contact 412 216 (52)
Male-to-male sex 245 141(58)
Intravenous drugs 85 41(48) X2association; P= .50
Transfusion 7 3 (43)
Hemophilia 2 1(50)

aEight persons who reported their race as Hispanic are not included in the racial breakdown.

performed April 1989 through Septem-
ber 1990. A 90-day time frame was

chosen to permit timely analysis of the
data. We excluded HIV-infected chil-
dren younger than 13 years old because
their absolute CD4 counts are not
directly comparable with adult CD4
counts.15,16

Specimen Handling
Nurses in the health department

clinics collected blood samples from
consenting HIV-infected patients. For
patients originally identified in these
health department clinics, CD4 lympho-
cyte counts were measured at the first
posttest counseling session: that is, when
the patient first learned of his or her
HIV infection. All blood samples were

analyzed by flow cytometry within 20
hours of being drawn with a Coulter
Epics-Profile II flow cytometer (Coulter
Corporation, Hialeah, Fl). Personnel in
the South Carolina Department of
Health and Environmental Control Bu-
reau of Laboratories entered the abso-
lute CD4 lymphocyte count (the product
of the total lymphocyte count and the
percentage of CD4+ lymphocytes) with
the patient's name onto the state's
mainframe computer, and the result was
sent back to the originating clinic.

Data Analysis
The CD4 tests were matched by

name, date of birth, county, and race

with the Department of Health and

Environmental Control surveillance reg-

istry of HIV-infected persons by one

person working within the HIV/AIDS
surveillance section of the department.
For analysis we compiled a linked CD4
count/HIV registry microcomputer file
with all personal identifiers removed.

We classified persons with absolute
CD4 counts of 2 900 as recently infected
and persons with CD4 counts of < 200 as

having advanced HIV infection. We
chose a count of 900 as a threshold for
defining recent infection because previ-
ous researchers found 918 to be the
average count for six uninfected control
persons who were repeatedly tested.17 A
larger study has since found an average

CD4 count of 890 among 63 repeatedly
tested HIV-negative control subjects.'8
We chose CD4 counts of < 200 to
indicate advanced infection because at
this level persons have markedly in-
creased risk of opportunistic infection.9

We initially evaluated age groups at
the standard intervals used for the
surveillance of HIV/AIDS-that is, ages
5-12 years, 13-19 years, and at 5-year
intervals thereafter.'9 Because children
under age 13 years were not analyzed,
persons aged 13-19 comprised the young-
est group analyzed. Because only 5% of
the study population was in this youngest
age group, we expanded the youngest
category to include persons 20-24 years
old to permit a more thorough statistical
evaluation of age.

We calculated relative risks (RRs)
and confidence intervals (CIs) by the
method of Greenland and Robins using
Epi Info software.20 We used StatXact21
software to perform significance testing
of dichotomous outcomes by Fisher's
exact chi-square association. Using Kwik-
stat software,22 we compared mean ages

across two groups by Student's t test and
assessed the association between age

and CD4 cell count using Pearson's
correlation.

Results

Of the 1510 newly diagnosed HIV-
infected persons more than 12 years old
reported to the South Carolina Depart-
ment of Health and Environmental
Control April 1989 through June 1990,
812 (54%) were initially diagnosed as

HIV infected at state clinics and 698
(46%) were reported from outside the
state clinic system. Persons identified
outside the state clinic system were

significantly less likely to participate in
the CD4 lymphocyte testing program

compared with state clinic-identified
patients (20% vs 52%; RR = 0.39, 95%
CI = 0.33,0.46) and were 1.9 times more
likely to have CD4 counts of < 200 (23%
vs 12%; RR = 1.9, 95% CI = 1.3, 2.9).
Because persons diagnosed outside the
clinic system were less completely repre-

sented in the database and because those
non-public clinic patients who were tested
appeared to overrepresent a selected group
of persons with more advanced disease,
we limited subsequent analysis to the
812 state clinic-identified patients.

Of these 812 newly reported HIV-
infected patients, 420 (52%) had their
CD4 lymphocyte counts measured at a

state clinic within 90 days of their first
positive HIV serology test. The mean

age of clinic patients whose CD4 counts
were measured was 30.7 years, which
was similar to the mean of 30.2 years

among HIV-infected clinic patients
whose CD4 counts were not measured.
Gender and urban or rural residence
were not significantly associated with
undergoing CD4 testing (Table 1).
Whites were 1.4 times more likely than
Blacks to participate in the lymphocyte
testing program. Persons who reported
no HIV risk factors were significantly
less likely to undergo follow-up CD4
testing. No defined risk group for acquir-
ing HIV infection was significantly more
or less likely to be CD4 tested.

Within the study population of 420
newly diagnosed HIV-infected persons
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Lymphocyte Counts and HIV

TABLE 2-Distribution of CD4 Counts of HIV-infected State Clinic Patients, South Carolina, April 1989 through September 1990

No. (%) with No. (%) with
No. (%) with CD4 of >199 CD4 of >499 No. (%) with

Total CD4 of < 200 and < 500 and < 900 CD4 of 2900 P

AJl patients 420 51 (12) 142 (34) 158 (37) 68 (16)

Age, y
>24 322 50 (16) 109 (34) 109 (34) 54 (17) <.01
<24 98 1 (1) 33 (34) 49 (50) 15 (15)

Sex
Female 126 10 (8) 34 (27) 53 (42) 29 (23) .014
Male 294 41 (14) 108 (37) 105 (36) 40 (14)J

Racea
Black 299 38 (13) 99 (33) 112 (37) 50 (17) .871
White 119 12 (10) 43 (36) 45 (38) 19 (16)J

Location
Rural 259 35(14) 78 (30) 105 (41) 41 (16) .145
Urban 161 16 (10) 64 (40) 53 (33) 28 (17)J

HIV risk factor
None reported 18 5 (28) 4 (22) 4 (22) 5 (28)
Heterosexual contact 216 24 (31) 73 (34) 83 (38) 36 (17)
Male-to-male sex 141 16 (11) 52 (37) 55 (39) 18 (13)
Intravenous drugs 41 6 (15) 11(27) 15 (37) 9 (22) .520
Transfusion 3 0 (0) 1 (33) 1 (33) 1 (33)
Hemophilia 1 0 (0) 1 (0) 0 (0) 0 (0)

aTwo Hispanic persons are not included in the racial breakdown. Totals for racial groups differ slightly from those reported in Table 1 because five persons
were recorded as a different race when they were HIV tested than they were during subsequent CD4 testing.

from state clinics, 51 (12%) had what we
defined as advanced HIV disease (CD4
counts of <200). One hundred ninety-
three persons (46%) had CD4 counts of
<500. At the other end of the CD4
spectrum, 69 persons (16%) had CD4
counts of 2900. The mean CD4 count
for the population was 588 with a
standard deviation of 347.

The distribution of CD4 counts by
age, sex, race, location, and HIV risk
factor is shown in Table 2. Females were
1.7 times more likely than males to have
CD4 counts of 2900 (95% CI = 1.1,
2.6). No significantly increased risks for
recent infection were associated with
age, race, urban versus rural residence,
or risk group for acquiring HIV infec-
tion.

Reported risk factors for acquiring
HIV infection for the 29 females who
had CD4 counts of 2900 are listed in
Table 3. Among these 29 women, 21
(72%) reported heterosexual contact as
their primary risk behavior for acquiring
HIV infection. The proportional distribu-
tion of reported risk factors is not
significantly different between females
with CD4 counts of . 900 and those with
CD4 counts of < 900.

At the other extreme of CD4
counts, persons more than 24 years old

TABLE 3-HIV Risk Factors for Females Whose CD4 Counts Were Tested,
South Carolina, April 1989 through September 1990

No. (%) with
HIV Risk Factor Total CD4 of 2 900

Heterosexual contact
HIV-positive partner 31 7 (23)
Partner with HIV risk factors 14 4 (29)
Partner without known HIV risk factors 60 10 (17)

Intravenous drug use 13 5 (38)
No reported risk factor 8 3 (38)

Total 126 29

Note. x2 association; P = .31 for all factors.

had a 15.2 times greater prevalence of
advanced HIV disease than persons 24
years of age or younger (95% CI = 2.1,
108.7). Males were 1.8 times more likely
than females to have advanced infection
(95% CI = 0.9, 3.4). Persons who did
not report an HIV risk factor were 2.4
times more likely to have CD4 counts of
<200, but there were no other signifi-
cant differences by HIV risk group, race,
or urban versus rural location. There
was no statistically significant Pearson
correlation between age and CD4 count
(R2 = 0.004,P = .18).

Reanalysis of potential risk factors
for recent HIV infection with absolute
CD4 counts of 800 or 1000 as a cutoff for
recent infection or 30 years as a cutoff
for age did not substantially change the
results.

Discussion
This study of CD4 lymphocyte

counts among HIV-infected persons
newly diagnosed in public health clinics
in South Carolina found that 46% of
tested persons had CD4 counts of < 500,
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the level below which zidovudine may
improve disease-free survival.23A25 This
percentage corresponds with (1) the US
Army estimate that 58% of their HIV-
infected persons have CD4 counts of
< 50014 and (2) the 50% of persons with
newly diagnosed HIV infections in a
Baltimore sexually transmitted disease
clinic who had CD4 counts of <500.13
Although none of these figures is gener-
alizable to the HIV-infected US popula-
tion, the figures provide evidence across
different cohorts that a substantial pro-
portion of HIV-infected persons have
far enough advanced HIV disease to
potentially benefit from pharmacologic
therapy.

Although the majority of persons
with HIV infection (even recent HIV
infection) were male, a disproportionate
number of more recent HIV infections
occurred in females. This finding is
consistent with other current data. The
Centers for Disease Control reports that
newly diagnosed cases of AIDS in
females increased by 29% from 1988 to
1989 compared with an 18% increase for
males.26 St. Louis and colleagues re-
cently reported US Job Corps data that
noted a higher HIV seroprevalence
among 16- and 17-year-old females than
among males, which the authors suggest
may reflect a recent increase in HIV
infection in young women nationally.27

There are limitations to these re-
sults. First, CD4 lymphocyte counts are
an imperfect measurement of the dura-
tion of HIV infection. There is consider-
able variability in the normal level of
CD4 counts in uninfected persons17'28
and in the rate of decline of CD4 counts
among HIV-infected persons.2'4 If differ-
ent groups have different normal values
or different rates of decline of CD4
counts, that could distort our extrapola-
tion of the duration of infection from
CD4 counts.

However, the limited data that are
available suggest that CD4 counts in
persons without HIV infection do not
differ by gender or ethnicity,18 and the
only data on the effect of age on CD4
counts that we are aware of concern
differences in young children, who were
excluded from this evaluation. Indeed, if
rates of decline of CD4 counts differed
among different groups, the duration of
infection would be extrapolated most
accurately early in the course of the
illness before differential rates of decline
produced increasingly larger differences
(CD4 count decline is linear in individu-
als with HIV infection8). Thus, our data
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on recently infected persons would be
less susceptible to this potential distor-
tion.

A second concern is that the appar-
ent increased prevalence of recent infec-
tions in females could reflect their
earlier use of health care. More recent
infection among females would then
reflect earlier diagnosis rather than a
trend in disease transmission. However,
we have no evidence that females were
seeking health care earlier than males.
Because the data abstraction methods
used did not recover the type of program
that a person was tested under, we
cannot determine whether recently in-
fected females were disproportionately
identified through, for example, prenatal
screening efforts, which are not equally
accessed by men. We do know, however,
that once identified, HIV-infected fe-
males were not significantly more likely
than males to return within 90 days for
follow-up CD4 testing. Continued sur-
veillance of CD4 counts among HIV-
infected persons will answer this ques-
tion. If higher CD4 counts reflect
increased rates of new infection among
females, then the differences in CD4
counts between the sexes will narrow as
the relative numbers of infected females
and males stabilize.

A third study limitation is that the
study population is not representative of
the entire HIV-infected population in
South Carolina and so the results may
not be generalizable. It included only
persons who attended public health
clinics and so likely underrepresents
higher socioeconomic groups. Further,
Blacks and persons who reported no risk
factor for HIV transmission were less
likely to have follow-up CD4 testing,
which could permit an unmeasured
selection bias that might affect our
findings. Nevertheless, this study popula-
tion is more diverse than previously
reported study populations and so offers
the opportunity for a more complete
comparison of CD4 counts across age,
sex, and HIV risk groups than was
previously available.

In conclusion, CD4 counts reflect
the duration of HIV infection and so can
enhance the characterization of HIV
disease in a population. In South Caro-
lina, among HIV-infected persons newly
reported to the health department who
agreed to CD4 lymphocyte testing, 46%
might benefit from immediate drug
therapy. Within this study population
females may represent an emerging risk

group that requires specifically directed
HIV prevention efforts. O

Acknowledgments
We are indebted to Robert Ball, MD, MPH,
for his work with the CD4 testing program;
Pamela Meyer, MSPH, for assistance in data
management; Pat Fleming, PhD, Surveillance
Section, Division of HIV/AIDS, Centers for
Disease Control, for critical review of the
manuscript; and Alan Hightower, BA, for
assistance in statistical analysis.

References
1. Melbye M, Biggar RJ, Ebbesen P, et al.

Long-term seropositivity for human T-
lymphotropic virus type III in homosexual
men without the acquired immunodefi-
ciency syndrome: development of immu-
nologic and clinical abnormalities. Ann
Intem Med. 1986;104:496-500.

2. Eyster ME, Gail MH, Ballard JO, Al-
Mondhiry H, Goedert JJ. Natural history
of immunodeficiency virus infection in
haemophilics: effects of T-cell subsets,
platelet counts and age. Ann Intem Med.
1987;107:1-6.

3. Moss AR, Bacchetti P, Osmond D, et al.
Seropositivity for HIV and the develop-
ment ofAIDS or AIDS related condition:
three year follow up of the San Francisco
General Hospital cohort. Br Med J.
1988;296:745-750.

4. Phillips AN, Lee CA, Elford J, et al.
Prediction of progression to AIDS by
analysis of CD4 lymphocyte counts in a
haemophiliac cohort. AIDS. 1989;3:737-
741.

5. DeWolf F, Lange JA, Houweling JM, et
al. Appearance of predictors of disease
progression in relationship to the develop-
ment of AIDS.AIDS. 1989;3:563-569.

6. Schwartz K, Visscher B, Detels R, Taylor
J, Nishanian P, Fahey J. Immunological
changes in lymphadenopathy virus posi-
tive and negative symptomless male homo-
sexuals: two years of observation. Lancet.
1985;2:831-832.

7. Goedert JJ, Biggar RJ, Melbye M, et al.
Effect of T4 count and cofactors on the
incidence of AIDS in homosexual men
infected with human immunodeficiency
virus. JAA. 1987;257:331-334.

8. Phillips AN, Lee CA, Elford J, et al.
Serial CD4 lymphocyte counts and devel-
opment of AIDS. Lancet. 1991;337:389-
392.

9. Masur H, Ognibene F, Yarchoan R, et al.
CD4 counts as predictors of opportunistic
pneumonias in human immunodeficiency
virus (HIV) infection. Ann Intem Med.
1989;111:223-231.

10. Polk BF, Fox R, Brookmeyer R, et al.
Predictors of acquired immunodeficiency
syndrome developing in a cohort of
seropositive homosexual males. N Engl J
Med. 1987;316:61-66.

11. el-Sadr W, Marmor M, Zolla-Pazner S, et
al. Four year prospective study of homo-
sexual males: correlation of immunologic
abnormalities, clinical status, and serol-
ogy to human immunodeficiency virus. J
Infect Dis. 1987;155:789-793.

12. Eyster ME, Goedert JJ, Sarngadharan

March 1994, Vol. 84, No. 3



MG, Weiss SH, Gallo RC, Blattner WA.
Development and early natural history of
HTLV-III antibodies in persons with
hemophilia. JAAL4. 1985;253:2219-2223.

13. Hutchinson CM, Wilson C, Reichart CA,
Marsiglia VC, Zenilman JM, Hook EW.
CD4 lymphocyte concentrations in pa-
tients with newly identified HIV infection
attending STD clinics. JAAL4. 1991;266:
253-256.

14. Brundage JF, McNeil JG, Miller RN, et
al. The current distribution of CD4+
T-lymphocyte counts among adults in the
United States with human immunodefi-
ciency virus infections: estimates based
on the experience of the U.S. Army. J
AcquirImmuneDefic Syndr. 1990;3:92-94.

15. Yanase Y, Tango T, Okumura K, Tada T,
Kawasaki T. Lymphocyte subsets identi-
fied by monoclonal antibodies in healthy
children. Pediatr Res. 1986;20:1147-1151.

16. Denny T, Yogev R, Gelman R, et al.
Lymphocyte subsets in healthy children
during the first 5 years of life. JAM4.
1992;267:1484-1488.

17. Malone JL, Simms TE, Gray GC, Wagner
KF, Burge JR, Burke DS. Sources of

March 1994, Vol. 84, No. 3

variability in repeated T-helper lympho-
cyte counts from human immunodefi-
ciency virus type 1-infected patients: total
lymphocyte count fluctuations and diur-
nal cycle are important. JAcquir Immune
Defic Syndr. 1990;3:144-151.

18. Hill A, Ekong T, Gompels M, Pinching A.
CD4 fluctuates within restricted regions
of the normal range in heterosexual
control subjects. In: VII Intemational
ConferenceonAIDSAbstractBook. Rome,
Italy: Instituto Superiore Di Sanita; 1991;
1:289.

19. Centers for Disease Control. Table 7.
AIDS cases by sex, age at diagnosis, and
race/ethnicity, reported through July
1991, United States. HIV/AIDS Surveill.
August 1991:1-18.

20. Dean AD, Dean JA, Burton JH, Dicker
RC. Epi Info [computer program]. Ver-
sion 5.01. Atlanta, Ga: Centers for Dis-
ease Control; 1990.

21. StatXact [computer program]. Cam-
bridge, Mass: Cytel Software Corpora-
tion; 1989.

22. Elliott AC. Kwikstat [computer program].

Lymphocyte Counts and HIV

Version 2.00. Cedar Hill, Tex: TexaSoft/
Mission Technologies; 1989.

23. Volberding PA, Lagakos SW, Koch MA,
et al. Zidovudine in asymptomatic human
immunodeficiency virus infection. N Engl
JMed. 1990;322:941-949.

24. Graham NMH, Zeger SL, Park LP, et al.
The effects on survival of early treatment
of human immunodeficiency virus infec-
tion. NEnglJMed. 1992;326:1037-1042.

25. Aboulker JP, Swart AM. Preliminary
analysis of the Concorde trial. Lancet.
1993;341:889-890. Letter.

26. Division of HIV/AIDS, Centers for Dis-
ease Control. AIDS in females-United
States. MMWR Morb Mortal Wkly Rep.
1990;39:845-846.

27. St. Louis M, Conway G, Hayman C,
Miller C, Petersen L, Dondero T. Human
immunodeficiencyvirus infection in disad-
vantaged adolescents. JAMA. 1991;266:
2387-2391.

28. Weber JN, Wadsworth J, Rogers LA,
Moshtael 0, Scott K, McManus T. Three
year prospective study ofHTLV-III/LAV
infection in homosexual males. Lancet.
1986;i (8491):1179-1182.

American Journal of Public Health 381


